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Introduction
Both quality and sustainability movements are based on strategic interventions. The commonalities include long term focus, continuous improvement, employee empowerment, multi-functional approach (Rusinko, 2005) , development of systems and metrics, focus on elimination of waste (Klassen and McLaughlin, 1993) and the pursuit of standards such as ISO 9000 and ISO 14000.
Also, they share a commonality with respect to tools and techniques that are prevalent in both domains (Isaksson, 2006) . Industry leaders have also acknowledged this commonality as is evident from the quote below:
"Programmes like Total Quality Management (TQM) and the Toyota Production System came along, and they were able to show that you could simultaneously improve both quality and productivity by preventing problems and waste. In essence, when we talk about sustainability, we're talking about a similar concept: that we can simultaneously improve business performance and environmental and social performance with similar techniques of preventing value chain issues, cutting waste and reducing pollution. Talking about sustainability as part of a new quality paradigm can help make it an easier sell, and can facilitate introducing incremental aspects of sustainabilitywithin quality programmesacross the business." -Tim Lindsey, Global Director of Sustainable Development at Caterpillar (Leous, 2015) .
As this quote also indicates, there appears to be a need to tap into the common features of quality and sustainability management to see how they influence performance. In this context, we define sustainability management for a manufacturing plant as initiatives related to environmental and social certification, sustainability related communication, resource consumption and pollution reduction, occupational health and safety and work-life balance of employees. Quality management includes practices related to quality improvement and control i.e., TQM programmes, six sigma projects, availability of equipment through Total Productive Maintenance (TPM) programmes, and benchmarking assessments. Quality management practices have been considered as prerequisites for successful implementation of environmental management practices (Curkovic, 2008) . Alves and Alves (2015) proposed an integrated model combining lean manufacturing and 3 sustainability supported by organisational culture. But, Longoni and Cagliano (2015) noted that companies that simultaneously adopt lean manufacturing and pursue environmental and social sustainability need to understand how to align these efforts to avoid contradictory effects. Thus, companies would also like to understand to what extent can quality management programmes help them in achieving higher levels of sustainability performance, and in parallel, how sustainability management programmes could improve quality performance. However, there is limited research that focused on interactions of quality management and sustainability practices, and even within this literature, the focus is primarily on environmental sustainability, and not on social practices (Wiengarten and Pagell, 2012) . For example, Wiengarten and Pagell (2012) showed that the impact of environmental practices on cost, flexibility and delivery performance were high when investments in quality management practices were also high. However, they did not find a significant interaction effect of quality and environmental management on quality performance. Bernardo et al. (2009) studied the extent of integration of environmental and quality management systems in a sample of 435 firms and found that 86% of the firms in the study had achieved integration of the above management systems. But, the above study did not consider social sustainability nor did it analysed the impact on performance. Despite a possible synergistic focus and interdependencies between quality management and sustainability management (Klassen and McLaughlin, 1996) , there is limited empirical support for the positive effect of sustainability management on quality performance. In a review of the benefits of integrated quality and environmental management systems, Bernardo et al. (2015) do point out benefits in terms of improved quality and reliability and improved teamwork but do not consider social sustainability.
Thus, whether the combined effect of quality management and sustainability management improves both quality and sustainability performance remains unclear. 4 One possible way to address this research gap is to analyse the role of enablers for quality and sustainability management programmes in explaining quality and sustainability performance.
Organizational work practices covering both social integration and technical integration can be considered as one set of enablers. Organizational work practices (Samson and Terziovski, 1999; Karuppusami and Gandhinathan, 2006; Psomas et al., 2014) and technical integration through efforts such as concurrent engineering, quality function deployment (QFD) (Ahire and Dreyfus, 2000) have been reported to have a significant positive impact on quality performance. Similarly, employee empowerment, employee suggestions and management's effort to involve employees in decision-making have been reported to be useful for sustainability efforts (Kitazawa and Sarkis, 2000) . Also, the use of technical tools like life-cycle analysis, design for environment, safety, disassembly, and recycling (Kleindorfer et al., 2005) form key tenets of an organization's sustainability philosophy (Sarkis, 2001) .
Along this line of discussion, in this research, we seek to explain how social and technical integration influence quality management and sustainability management programmes and in turn quality and sustainability performance.
The specific questions addressed in this research are as follows:
 What impact does social and technical integration have on quality management and sustainability management programmes in manufacturing plants?
 Do social and technical integration influence quality and sustainability performance of manufacturing plants, via the above programmes (in other words through mediating or indirect effects)?
 Are there any spillover effect of quality and sustainability management programmes on sustainability and quality performance respectively?
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The paper is organized as follows. The support for our framework including hypotheses development is laid out in Section 2. Section 3 describes our research methodology and Section 4 reports our findings. Section 5 provides a discussion of findings along with their implications. The conclusion and opportunities for future research are stated in Section 6. Manz and Stewart (1997) demonstrated how Socio-technical systems (STS) and TQM can be combined to simultaneously achieve organizational stability and flexibility. STS theory posits that every organization comprises of a social system (people) and a technical system (tools, techniques, and knowledge) to produce goods or services that are valued by customers. The technical system encompasses tools, techniques, devices, methods, procedures and knowledge, while the social system captures the people who work in the organization and how they interact with each other (Pasmore, 1988) . This theory suggests that the extent of fit between the social and technical systems, and how it aligns with the demands of the external environment, determines an organization's effectiveness (Pasmore, 1988) . The demands of the external environment include producing good quality products as per customer needs. Similarly, environmental and social responsibilities of a manufacturing organization are shaped by the environmental and social challenges in the environment. For example, whether or not a firm is proactive or reactive with respect to regulations. Attaining high levels of performance in quality and on environmental and social performance will require organizational work practices that ensure an alignment between social and technical systems underlying the improvement initiatives undertaken by a manufacturing firm. The attractiveness of using STS is that the social core and technical core can be blended to investigate their concomitant effects on performance. Thus, STS can be considered as an appropriate theoretical lens to study the effects of social and technical integration on quality 6 and sustainability management programmes and on quality and sustainability performance.
Theoretical background and hypotheses development
Moreover, there is prior support for this line of thinking in operations management literature. Liu et al. (2006) linked work-design practices with mass-customization ability using STS as the theoretical foundation. Zeng et al. (2015) show that soft QM has an indirect effect on innovation performance via its effect on hard QM, implying that performance depends directly on hard QM, which can be promoted by soft QM.
Another theoretical perspective, which can be relevant for this research, is the two-component complementarity theory (Bresnahan et al., 2002) . Two types of integration are complementary to one another with respect to given manufacturing capabilities if they are adopted together by manufacturing plants, and exhibit synergies with respect to the specified manufacturing capabilities. Considering quality and sustainability as separate manufacturing capabilities, complementarity of social and technical integration and their synergies could have been tested. A similar approach has been adopted by Narasimhan et al. (2010) to test the complementarity of product-process-technology and supply chain integration. Moreover, a synergy among efforts exists when "doing more of one thing increases the returns to doing more of another" (Milgrom & Roberts, 1995, p. 181) . Such synergies may be observed between quality and sustainability management programmes in influencing quality and sustainability performance.
Literature also proposes an Integrated Management Systems (IMS), combining quality, environment and safety management systems into an integrated whole (Ferreira et al., 2014) . We posit that a combination of STS theory with precepts of complementarity theory informs the framework of IMS. The underlying logic behind IMS is that people that work on environmental management programmes use approaches similar to those employed in quality progams (like quality circles) and this ensures that effective quality management principles also align with with 7 the goals of environmental management. For example, an emphasis on continuous improvement which has long been argued as being to pivotal to the success of quality management programs is just as effective in sustainability programs. This argument is in line with a study that found that actions that are carried out to achieve quality are also needed to achieve effective environmental management (Ferreira et al., 2014) . Similarly, the goal of safety programs such as occupational health and safety systems is to ensure safe working environments. Accordingly, a continuous improvement approach coupled with quality tools that measure outcomes can result in in workers have high health levels, protecting from accidents, illness or discomfort in the workplace. These desirable safety outcomes also increases the efficiency of work processes, and leads to employees having a positive perception of their working environment (Tsai and Chou, 2009) . Thus, in an IMS, there can be direct effects of quality and sustainability management programmes on quality and sustainability performance and spillover effects on sustainability and quality performance respectively.
To summarize, the combined precepts of STS theory and complementarity theory help in developing the IMS framework that combines quality, environment and safety management systems into an integrated whole. Such an IMS exploits the synergies among quality, environment and safety management systems in order to achieve the desired quality and sustainability outcomes (Ferreira et al., 2014) . In this research, we are interested in exploring the combined effects of social and technical integration on quality and sustainability management programmes and in turn on quality and sustainability performance. Hence, we use STS as the theoretical lens for testing the above relationships. We also want to explore the complementarities between quality and sustainability management programmes in having direct and spillover effects on performance. For that purpose, we use the IMS framework, supported by both STS and complementarity theory. 
Hypotheses Development
Technical integration include design integration between product development and manufacturing through platform design, standardization and modularization, design for manufacturing, design for assembly, organizational integration through cross-functional teams, job rotation etc, technological integration through use of computer aided design and engineering, product lifecycle management,use of integrated tools and technologies such as Failure Mode Effect Analysis and Quality Function Deployment, rapid prototyping, use of communication technologies and process standardization.
Such technical integration requires strong collaboration between product development and manufacturing. One such source of integration is cross-functional teaming which has been shown to influence technical integration programmes such as design-manufacturing integration (Swink et al., 1996; Paashuis and Boer, 1997) . Similarly, high performance work teams with broader responsibility, wide range of tasks and an emphasis on employee education and training have a positive influence on design for manufacturability and introduction of new products (Wilson and Collier, 2000) . Moreover, team coordination activities are imperative to overcome stress associated with adopting design for manufacturing methods (Smith and Offodile, 2008) . Having an open communication between the workers and managers also enables the flow of ideas, suggestions, facilitates transparency and creates a collaborative environment, which in turn improves the design integration between product development and manufacturing (Swink, 1999) .
Such open communication can be improved by the usage of appropriate communication technologies. Lean organization also offer flexibility to process standardization for the new and customized product development. For example, if an organization is lean it can relatively easily customize the process and product as per the customer's requirement thereby strengthening the 9 technological integration between product development and manufacturing. Worker flexibility through training and multiskilling can help in substituting a worker when needed (Ettlie, 1995) . In other words, multi skills development helps an organization on long run in terms of organizational integration.
But, the effects of social integration on technical integration is not uniformly positive. For example, social integration practices such as hierarchical structures and job specialization were negatively related to technical integration (Liker et al., 1999) . This is because product development success and manufacturability are dependent on management relinquishing command and control, and on teams achieving some degree of autonomy.
Hence, the linkage between social integration (and technical integration needs to be studied.
Therefore, we hypothesize that:
H1: Social integration is positively related to technical integration
Implementation of quality management programmes are dependent on human resource capabilities such as employee participation, empowerment, teamwork, training, multi-skilling, and employee flexibility (Samson and Terziovski, 1999; Karuppusami and Gandhinathan, 2006; Dahlgaard and Dahlgaard-Park, 2006) . In particular, there should be an alignment between human resources management capabilities with process-based improvement activities that typify quality management programmes. Employee empowerment allows more traditional management activities to be delegated along with the necessary authority and capability (through education and training) as part of quality programmes (Dahlgaard and Dahlgaard-Park, 2006) . Similarly, involving production associates in maintenance activities has been found to be a key factor for improving equipment availability (Bamber et al., 1999) , which is crucial for quality programmes.
Training and multi-skilling can allow production personnel to form autonomous team and take up 10 responsibilities of maintenance and quality improvement and control. Continuous improvement programmes in multiple plants help in quality improvement and control and also facilitate benchmarking of performance, which is an important constituent of quality programme deployment. Investments in quality programmes often require employees to work closely with each other (Wiengarten et al., 2011) . Thus, successful quality management processes and outputs are strongly linked to its human resource practices (Fotopoulos and Psomas, 2009 ). Moreover, Mohammad (2014) identified human resource related barriers as the most frequent ones responsible for failures of TQM programmes while Garza-Reyes et al. (2015) noted that employee empowerment and promoting teamwork as some of the challenges in implanting a quality management system. Hence, we can hypothesize that social integration will have a positive effect on quality programme management.
This leads to our next hypothesis as follows:
H2a: Social integration is positively related to quality programme deployment
Technological integration between product development and manufacturing through Computer
Aided Design and Analysis and Product Lifecycle Management ensures transparency and common understanding and analysis of product design, thereby facilitating quality improvement and control (Tan and Vonderembse, 2006) . Organizational integration cross-functional teams, job rotation, colocation, secondment and co-ordinating managers help in discussing multiple feasible design options and thus integrate different perspectives at the design stage, thereby improving design quality (Swink and Calantone, 2004) . Design integration through platform design, standardization and modularization, design for manufacturing, design for assembly also improves product quality as manufacturing considerations are built in early in design (Pasche et al., 2011) .
One of the key principles of Total Quality Management is building quality into the product based on customer needs (Bigorra and Isaksson, 2017) . Quality Function Deployment (QFD) as a tool for capturing customer needs requires technical integration between different functions (Chaudhuri and Bhattacharyya, 2009 ). Practices such as concurrent engineering and use of tools like QFD is aimed in ensuring design for manufacturability and at improving design quality (Handfield et al., 1999) . Process standardization, such as a stage-gate process, design reviews and performance management brings discipline to the process of developing products and make decision making more objective thereby ensuring quality. But, a meta-analytic study by Nair (2006) , reported a lack of relationship between product design management and product quality indicating mixed results at best. Hence, there is a need to test whether design, organisational and technological integration between product development and manufacturing, integrating tools and technologies and process standardization can have a positive effect on quality programme deployment. As majority of studies indicate positive relationship between technical integration and quality management practices, we hypothesize as follows:
H2b: Technical integration is positively related to quality programme deployment
Growing concerns around social and environmental sustainability have led to the development of international environmental standards and norms for work environment. This has forced organizations to develop formal sustainability strategies and programmes. A typical manufacturing facility has a number of environmental waste streams including handling losses, cleaning losses, process losses, scrap and rejects, stock losses, and evaporation (Rooney, 1993) . Employee empowerment, their willingness to make suggestions for improvement, and management's effort to induce employee participation in decision-making could be beneficial in handling environmental waste streams (Kitazawa and Sarkis, 2000) . Employee empowerment and team-based approaches promotes idea generation, which often relies on a team of production workers who are likely to be most knowledgeable about the causes of waste and potential solutions for waste reduction (Kitazawa and Sarkis, 2000) . Worker participation and training have been reported to positively relate to environmental improvement (Rothenberg et al. 2001) . Similarly, continuous improvement programmes like kaizen can help in reducing the environmental effects like disposals to landfill, use of energy and water and in reducing material consumption (Garza-Reyes et al., 2018) . Thus, successful implementation of environmental management systems could depend on human resource factors such as top management support, employee empowerment, training, teamwork and rewards (Daily et al., 2001) . Adoption of environmental practices also requires organizational commitment to such efforts (Cantor et al., 2013) . Implementation of a sustainability programme without proper consideration of foundational processes required for employees and other firm members to embrace and accept change can lead such programmes failing to achieve the desired objectives (Hoffman and Bazerman, 2007) . Longoni and Cagliano (2015) showed that cross-functional executive involvement and worker involvement positively affect the strategic alignment of the lean manufacturing with environmental and social goals and practices. Hence, employee empowerment through delegation, teamwork demonstrated by autonomous teams, enhancing knowledge of workers through training and continuous improvement programmes are expected to have a positive effect on deployment of sustainability programmes. Worker flexibility in terms of multi-tasking and multi-skilling and working in autonomous teams allow production workers for example to actively participate in efforts to reduce energy and water consumption reduction (Pampanelli et al., 2014) , pollution reduction, waste recycling and in improving ergonomics of their work stations thereby facilitating improvement in occupational health and safety (Conti, 2006) . Thus, a well-trained autonomous team, which is empowered to improve the performance of their production line, can become responsible for the performance of their line not only in terms of quality, delivery and cost but also environment and safety.
Therefore, we argue that:
H3a: Social integration is positively related to sustainability programme deployment Technical capabilities are important for redesigning products that influence sustainability goals such as reducing material content, to develop substitutes for nonrenewable inputs, and to reduce energy consumption during manufacturing (Kleindorfer et al., 2005) . Design integration in terms of modular designs facilitate remanufacturing and support achieving sustainability objectives (Krikke et al., 2003) . Platform design with standardization and modularization can help in deciding optimal number of parts being used across product lines potentially reducing material consumption. Similarly, design integration through design for manufacturing and assembly with sustainability considerations can reduce the number of steps in manufacturing and assembly, thereby supporting reduction in energy and water consumption (Mayyas et al., 2012) Firms can use tools such as life-cycle analysis, design for environment, safety, disassembly, and recycling, and eco-logistics to develop sustainable products (Kleindorfer et al., 2005) . Similarly, design for environment and Life Cycle Assessment (LCA) minimizes the product's harmful effects on the environment in every stage of its product life cycle (Hart, 1995) . Tools like Failure Mode Effect Analysis (FMEA) can be deployed in pollution reduction programmes of firms (Sekhar and Mahanti, 2006) . The goal of product stewardship requires organizational integration between manufacturing and product design and development (Sarkis, 2001) . Romli et al. (2015) demonstrated how integrated eco-design decision making using QFD and LCA can lead to development of products with minimal environmental impact. Thus, use of integrating tools and technologies and standardized processes may help in identifying the most suitable initiatives to improve the sustainability performance. Use of communication technologies like teleconferancing, web meetings etc avoid unnecessary travels and can thus reduce the overall environment impact (Houston and Reay, 2014) .
This leads us to infer the following hypothesis:
H3b: Technical integration is positively related to sustainability programme deployment Quality management programme results in improved internal process quality thus resulting in fewer defects, scrap and rework, and hence better conformance quality (Sousa and Voss, 2002) .
Positive linkage of TQM practices as part of overall quality management programme on product quality has been well-established (Samson and Terziovski, 1999; Kaynak, 2003; Prajogo and Sohal, 2006) . Focus on quality improvement ensures reliability of processes and equipments which results in superior quality performance (Jayaram et al., 2014) . Six sigma projects implemented as part of quality management programmes reduce process variation and defects and thus minimize deviation from conformance quality and increase overall product quality and reliability (Kumar et al., 2007; Patyal and Koilakuntla, 2017) . Regular equipment maintenance through Total Productive Maintenance (TPM) also positively contributes to product quality by improving machine reliability and reducing interruptions in production (Ho et al., 1999) . As part of quality management programme, firms also engage in benchmarking. Successful organizations realize the importance of such benchmarking efforts by collecting and analyzing accurate and timely information on best practices of various processes affecting product and process quality (Brown et al., 1994) which can help identify opportunities for continuous improvement in quality.
Recently, Parvadavardini (2016) demonstrated the significant positive impact of quality management on quality performance of Indian manufacturing organisations. Thus, quality management programme with focus on quality improvement and control, equipment reliability and availability and benchmarking is expected to improve quality performance. Therefore, we offer the following hypothesis:
H4: Quality programme deployment is positively related to quality performance
Quality and environmental problems can have similar causal factors and can be managed with similarly structured reporting systems, facilitated by benchmarking and self-assessment. Pil and Rothenberg (2003) report that processes targeted at improving quality had the additional benefit of enhanced environmental performance. Improving quality can make the process more sustainable due to a reduction in waste, rework, and increased efficiency (Chun and Bidanda, 2013) . Cherrafi et al. (2017) report that integrating Lean Six Sigma and Green helped the case organisations to reduce their resources consumption and minimise the cost of energy.
Quality management programmes involve training on principles of quality management and six sigma, which have positive effect on employee morale and motivation (Lang Cheng, 2012) and job satisfaction (Scho¨n et al., 2010) . A six sigma improvement programme can also help in identifying opportunities to save energy for example investing in insulation, repairing damaged equipment, reducing the usage of lighting and using energy-saving lighting (Lee et al., 2014) , thereby by helping in reducing energy consumption. Ensuring equipment availability through Total Productive Maintenance also ensures optimal energy usage as breakdowns and stoppages may lead to wasted energy from heating, cooling, and lighting during production downtime (Raouf, 2009 ) and may also lead to increased energy consumption for restarting the equipment.
Minimal breakdowns and stoppages of equipments may result in less stress on employees to maintain production targets.
Thus, focus on quality improvement and control and equipment availability are expected to have a positive impact on sustainability performance. But, De Menezes (2012) found no significant link 16 between quality management and social sustainability and specifically on employee job satisfaction which is considered as part of sustainability performance in this research. Hence, the linkage between quality programme deployment and sustainability performance still needs to be established.
Thus, we suggest that:
H5: Quality programme deployment is positively related to sustainability performance Ergonomics and organizational health and safety contribute to product conformity as these ensure that conditions necessary for thoroughly carrying out work tasks are met and companies could potentially benefit by linking their quality, environmental protection, occupational health and safety programmes in their management systems (de Oliveira Matias and Coelho, 2002) . Pullman et al. (2009) find support for improvement in quality performance with increased adoption of social sustainability practices but not with environmental sustainability practices in food industry. Better environmental performance can be a driver of improved quality performance (Pil and Rothenberg, 2003) . Pan, 2003 find positive effect of ISO 14000 certification on quality only for Taiwan. This can possibly be explained from the fact that good environmental practices results in a better clean room environment for electronics manufacturing, thereby improving product quality. Though there are some evidences, it needs to be tested whether sustainability management programme focusing on waste reduction, environmental management systems and occupational, health and safety programmes can have a positive effect on quality performance.
Hence, we hypothesize that:
H6: Sustainability programme deployment is positively related to quality performance
The Natural-Resource-Base View (Hart, 1995) links environmental programmes to environmental performance. Theyel (2000) finds that environmental management practices (such as pollution prevention and employee pollution prevention training programme) are significantly and positively related to improved environmental performance (reduction of chemical waste). Thus, adoption of internal environmental programmes leads to better environmental performance Sarkis, 2004 and Zhu et al., 2005) . Investments in worker safety and work conditions result in less absenteeism and accidents (Gimenez et al., 2012) and thus improves workers' motivation and satisfaction. Thus, significant positive effects of environmental and social sustainability programmes on environmental and social sustainability performance can be observed (Zhu et al. , 2012; Golini et al., 2014; Yu and Ramanathan, 2015) . One reason for the above results is that sustainable manufacturing practices such as reducing emissions and waste recycling not only results in improved environmental performance but also results in improved worker health and safety (Abdul-Rashid et al., 2017) .
Hence, sustainability programme consisting of environmental and social certifications, sustainability communication, pollution prevention, water and energy consumption reduction and occupational health and safety is expected to have positive impact on sustainability performance.
H7: Sustainability programme deployment is positively related to sustainability performance
Our overall model that included all seven hypotheses is summarized in Figure 1 . 
Methodology

Sampling and data collection
Manufacturing plants are appropriate units of analysis for this research as quality, sustainability management programmes as well as work practices are implemented at the plant level, and their effect on quality and sustainability performances can be observed at the manufacturing plant level.
In this paper the proposed hypothesis were tested by using the data from the sixth version of International Manufacturing Strategy Survey (IMSS VI). For IMSS, a common survey instrument and data collection protocol for the global study of manufacturing and supply chain management was developed by a global network of institutions that collaborate with each other and manufacturing companies. The IMSS VI data was collected from June 2013 to June 2014. The sample was designed to consider the population of assembly manufacturing plants with more than 50 employees. The sample companies were further selected from public or private local databases based on ISIC code (ISIC 25-30 classifications, i.e. machinery, electronics, metal products, transport equipment and motor vehicles industrial sectors). As a result, 7167 companies from the different countries were selected (Cheng et al., 2016 in English, and later translated by national researchers using double-and reverse-translation procedures, in a coordinated manner for countries with similar languages (Vanpoucke et al., 2014) .
Before the official launch, the questionnaire was extensively pre-tested with company managers.
In addition, this research used IMSS data from sixth iteration, ensuring that the IMSS research instruments have already been verified and known to researchers as demonstrated by numerous research publications (e.g. Gimenez et al., 2012; Golini et al., 2014; Chaudhuri and Boer, 2016; Cheng et al., 2016; Chaudhuri et al., 2018) using different versions of the IMSS survey. A common methodology was followed in each country to ensure uniformity in the data collection process. In all countries, the survey respondent was usually operations, production, supply chain or plant manager/director, who demonstrated knowledge and awareness towards both operational and strategic decisions. The potential respondents, agreeing to participate, received the questionnaire by ordinary mail, fax or email. The returned questionnaires were handled on a case-by-case basis for missing data usually by contacting the plant again. Every local research group also controlled the gathered data for late respondent bias, company size and industry (Cheng et al., 2016) . Finally, checks for errors and outliers were conducted, and all the data were summarised into a unique database through central coordination by the Politecnico Di Milano (Cheng et al., 2016) . A total of 2586 questionnaires were distributed across the different countries. After excluding cases with much missing data, the final IMSS VI sample consisted of 931 companies from 22 countries in Europe, The Americas and Asia (see Table 1 ). The overall response rate was 36% (931/2586) (Cheng et al., 2016) .
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Measures
In IMSS VI, the literature was reviewed to identify valid measures and existing sales were adapted, wherever necessary for related constructs. In the absence of no reliable and valid existing measures, new measures were developed based on the understanding of the constructs and the round- (Sveiby and Simons, 2002) , and workers flexibility (e.g. multi-tasking, multi-skilling, job rotation) . The above items can be mapped to STS principles. For example, delegation and autonomous teams can be mapped to compatibility which ensures that employees are involved in the planning process and minimal critical specifications. Open 22 communication is related to information flow, worker flexibility is related to multi-functionality and lean organization is related to boundary location which ensures that boundaries should not be drawn to impede sharing of information, knowledge and learning.
Technical integration is defined as a construct involving integration between product development and manufacturing. It is a multi-faceted construct and involves the following itemsdesign integration, technological integration, organization integration between product development and manufacturing, integrating tools and techniques, communication technologies and process standardization. Design integration includes platform design (Robertson and Ulrich, 1998) , standardization (Dröge et al., 2004) , and design for manufacturing and assembly (Paashuis and Boer, 1997; Dröge et al., 2004) . Organizational integration can be achieved through crossfunctional teams (Swink et al., 1996) , job rotation, co-location, role combination, secondment and/or coordinating managers (Paashuis and Boer, 1997) . Technological integration includes the use of computer-aided design/engineering and manufacturing and product lifecycle management.
Internal integration requires the 'bundling' of management tools with such tools (Smith and Reinertsen, 1998) . Integrating tools and techniques such as quality function deployment, failure mode and effect analysis and rapid prototyping can be effectively used for design-manufacturing integration (Paashuis and Boer, 1997) . Communication technologies such as video-conferencing and web-meetings support information sharing between dispersed staff involved in the development of products. Process standardization includes stage-gate process, design reviews and performance management. In stage-gate processes, each stage consists of a set of well-defined cross-functional and parallel activities (Cooper, 1994) .
Quality programme deployment construct consists of quality improvement and control (e.g.
TQM programmes, six sigma projects, quality circles) (Zu et al., 2010) , improving equipment availability (e.g. Total Productive Maintenance) (McKone et al., 1999) and benchmarking/selfassessment (e.g. quality awards, EFQM model) (Flynn et al., 2006) . Sustainability programme deployment construct consists of environmental certifications (e.g. EMAS or ISO 14001) (Kitazawa and Sarkis, 2000) , social certifications (e.g. SA8000 or OHSAS 18000), formal sustainability oriented communication (Daily et al., 2001) , training programmes and involvement, energy and water consumption reduction programmes (Sarkis, 1998) , pollution emission reduction and waste recycling programmes (Klassen and Whybark, 1999) , formal occupational health and safety management system (Kleindorfer et al., 2005) and work-life balance policies.
In this research, quality performance is operationalised in terms of a two-item scale: 1) conformance quality and 2) product quality and reliability. Similarly, social performance is operationalised as: 1) worker motivation and satisfaction and 2) health and safety conditions (McKenzie, 2004) while environmental performance is operationalised as 1) materials, water and energy consumption and 2) pollution emission and waste production (Gimenez et al., 2012) .
Finally, to ensure the contextual validity of the results, two control variables namely plant size and environmental dynamism were employed. Plant size is measured the logarithm of the total number of employees of the business unit that the plant belongs to, which has been widely applied in the existing studies, such as. Environmental dynamism is operationalised in a four-item agreementdisagreement 5-point scale: 1) demand fluctuates drastically, 2) total manufacturing volume fluctuates drastically, 3) mix of products produce change considerably, and 4) supply requirements (volume and mix) vary drastically. The descriptive statistics for our model constructs and control variables i.e. mean, standard deviations and pairwise correlations are shown in Table 2 . 
Reliability and validity
Close collaboration between academics and industry professionals in the development of the measurement items prior to data collection, literature support, executive interviews, and pilot tests ensured content validity (Cheng et al., 2016) . After the data collection, multiple analyses were performed to ensure the reliability and validity of the constructs. First, the reliability of each construct was tested. Reliability is an assessment of the degree of consistency between multiple measurements of a variable (Hair et al., 1998) . Although Cronbach's alpha was widely used in the existing studies to assess construct reliability, this coefficient alpha is based on the essentially tauequivalent measurement model. Violation of the assumptions required by this measurement model is often responsible for coefficient alpha's underestimation of reliability (Graham, 2006) .
Therefore, instead of relying on "rule of thumb", i.e. Cronbach's alpha > 0.70 (Nunnally, 1994) , we adopted a two-step approach proposed by Graham (2006) to assess construct reliability (Cheng 25 et al., 2016) . In the first step, we selected the appropriate measurement model by conducting chisquare test on difference in fit between the parallel, the tau-equivalent, the essentially tauequivalent model, and the congeneric model based. In the second step, we estimated reliability based on the best possible model chosen from the first step, by squaring the implied correlation between the composite latent true variable and the composite observed variable. It should also be noted that if in the first step, the tau-equivalent model is chosen, the reliability we calculate in the second step is actually the coefficient alpha (Cheng et al., 2016) . The results are shown in Table   3 , which allow us to conclude that the reliability of constructs is established. (Hu and Bentler, 1999) and CFA factor loadings are listed in Table 3 . All items loaded on the construct they were supposed to measure, which demonstrate construct unidimensionality. Average variance extracted (AVE) values and composite reliability values for all the constructs were also calculated. In order to assess discriminant validity, a constrained CFA model was built for each possible pair of latent constructs, in which the correlations between the paired constructs were fixed to 1.0. This constrained model was then compared with the original unconstrained model, in which the correlations were freely estimated (Cheng et al., 2016) . A significant difference of the χ 2 statistics between the constrained and unconstrained models indicates high discriminant validity (Fornell and Larcker, 1981) . Results show that for each pair, all the differences of the χ 2 between two models were significant at the 0.01 level, providing further evidence of discriminant validity.
Results and Findings
Structural Table 4 , which provide supports for all hypotheses except H5 and H6. Moreover, size has significant negative impacts on both quality performance and sustainability performance while environmental dynamism has significant negative impact only on quality performance but not on sustainability performance.
The results show that social integration has a significant positive effect on technical integration satisfying H1, while social and technical integration have significant positive effects on both quality programme deployment and sustainability programme deployment, thus satisfying the hypotheses H2a, H2b, H3a and H3b respectively. While quality programme deployment has significant positive effect on quality performance, thus satisfying H4, sustainability programme deployment has significant positive effect on sustainability performance thus satisfying H7. But, quality programme deployment did not have any significant effect on sustainability performance and sustainability programme deployment did not have significant effect on quality performance.
Thus, there was no evidence found for the support of H5 and H6. 
Mediation analysis
To test the mediation relationships, we adopted the explicit procedure, i.e. bootstrapping for testing mediation effects. Bootstrapping has been demonstrated to have the greatest statistical power to detect significant mediation processes while maintaining acceptable Type I error rates, especially with large samples (Rungtusanatham et al., 2014) . Consequently, we used bias-corrected bootstrapping method implemented in AMOS 22 (Preacher and Hayes, 2008) , based on the model illustrated in Figure1. Therefore, we report these effects with respect to hypotheses in Table 5 and Table 6 below.
29 To test the mediation effects of quality programme deployment between social integration and quality performance, both pathsone including technical integration and quality programme deployment and one including only quality programme deployment were tested. Results show that both the direct effects of social integration on quality performance as well as the indirect effects through quality programme deployment (alone as well as with technical integration) are significant. Thus, there is a partial mediation effect of quality programme deployment between social integration and quality performance and hypothesis 4b is supported. But, we find that the direct effect between technical integration and quality performance is not significant but the indirect effect through quality programme deployment is significant. Hence, there is a full 
Discussion and Implications
The results show that building on STS theory, social and technical integration indeed have a positive effect on deployment of quality and sustainability management programmes. Significant direct effects of social integration on technical integration and on quality performance and sustainability performance suggest the strategic direction provided by initiatives related to communication between managers and workforce, delegation, training, autonomous teams and worker flexibility etc has an important role to play in influencing quality and sustainability 32 performance. Manufacturing plants, which excel in such healthy work practices can also strengthen technical integration through design-manufacturing integration. Such plants will not only find it easier to deploy quality and sustainability programmes but can also get some improvements in quality and sustainability even without the above programmes. Such a result is also supported by Dubey et al. 2015 , who reported a significant positive effect of employee involvement on environmental and social performance. Thus, the impact on superior quality and sustainability performance is magnified when the quality and sustainability programmes are implemented along with conducive work practices. Technical integration help in deployment of quality and sustainability management programmes and can influence quality and sustainability performance only through those programmes.
The social and technical enablers combined with the notion of complementarity theory allow us to theoretically explain the IMS framework. We hypothesized that within an IMS framework, there can be both direct and spillover effects of quality and sustainability management programmes.
While the direct effects are supported, the results do not indicate any spillover effect of quality programmes on sustainability performance or of sustainability programmes on quality performance. This result is to a certain extent consistent with the findings from Pullman et al.
(2009) who reported that environmental sustainability programmes did not seem to improve quality though social sustainability programmes indeed had a positive effect on quality.
Implications for research
Contrary to findings in the literature, this study did not find positive relationship between quality management programme and sustainability performance. Curkovic et al. (2000) identified that firms with already developed capabilities in TQM are more likely to develop the capabilities necessary for environmental sustainability. But, de Menezes (2012) found no significant link between quality management and employee job satisfaction which is considered as part of sustainability performance in this research. Thus, a possible explanation for the above result can be that we have considered a broader definition of sustainability considering both environmental and social performance. But, our results confirm with those of Wiengarten et al. (2012) who studied the interaction effects of quality management and environmental management practices and found no significant interaction effect of the above in explaining quality performance.
Interestingly both control variables of size and environmental dynamism had negative and statistically significant effects. It is interesting that the pattern points to the advantages stemming to small size firms and firms facing stable or less environmental dynamism. The fact the smaller firms have conducive work practices in terms of less hierarchy, open communication and delegation may possibly explain which can be difficult to put in place in larger firms may possibly explain the negative impact of firm size as reported in this research.
Implications for practice
Manufacturing firms have to continuously strive to improve quality, environmental and social sustainability performance. Many firms have attempted to implement programmes for quality and sustainability. Results suggest that healthy work practices developed on the foundations of social integration through open communication, having autonomous teams, delegation and investing in knowledge and training of workers act as drivers for technical integration between design and manufacturing.
In fact, social integration alone can also result in improved quality and sustainability performance and its effect gets magnified due to the mediating effect of quality programmes and sustainability programmes respectively. Technical integration can have effects on quality and sustainability performance only through the mediating roles of the respective programmes. Thus, firms should be aware that technical integration alone may not be sufficient to achieve superior performance on quality and sustainability. Also, manufacturing plants developing plans to improve sustainability performance may not rely only on their quality management programmes and must develop distinct sustainability management programmes. Such programmes together with social integration may help them to improve overall sustainability performance.
Conclusion and Future Research
We use STS theory, complementarity theory to provide theoretical support to the IMS framework and offer a fresh perspective on how organisational work practices that pay due attention to human dimensions and tools and techniques help in deployment of quality and sustainability management programmes, thereby enhancing quality as well as sustainability performance. Data from a large multi-country sample of firms was used to empirically validate our framework. Our findings add new knowledge to the academic thought processes on quality management as well as make vital contributions to practicing managers on how to exploit the synergies of the social and technical aspects thereby facilitating implementation of quality and sustainability programmes and in turn impacting quality and sustainability performance.
Our study has limitations. For example, our study largely uses scales that are subjective.
Also, multi-country samples could mask within country differences. Nevertheless, we believe that for an initial investigation of emerging trends, multi country samples afford the opportunity to dimensions could influence quality and sustainability outcomes. While, we have not explicitly verified this fit linkage, it can be an interesting area of future research. For example, the alignment between social and technical dimensions can be one way of assessing fit. Using profile deviation scores could be a method to operationalize fit in the sense that higher deviation from the 'ideal' could constitute poor alignment. We leave these promising areas of research for future inquiry.
